The structure of a 6-O-mesitylenesulphonyl derivative of 2',3',5'-tri-O-acetylguanosine, C 24 H 29 N50 10 S, has been determined by X-ray diffraction. Crystals are monoclinic, a = 26.370 (4), b = 8.200 (2), c = 17.991 (3) A, fl = 132.77 (4) o. The solution of the structure in space group C2 was not straightforward and is described in detail. Refinement converged at R = 0.110 for 1102 observed reflections. The guanine base displays some deviations from its usual geometry due to the loss of C(6)-O(6) double-bond character. The ribose sugar is C(2')-endo puckered.
REFINEMENT OF DENSITY DISTRIBUTIONS OF BONDING ELECTRONS. IX
The valence density of urea at 123 K has been reported in a previous paper by Mullen & Hellner (1978) . A comparison with the thiourea molecules described here shows that the peak height at N in urea (3.75 e A -3) is very close to the values found for both thiourea molecules (3.62 and 3-69 e A,-3). In contrast, the peak height at O in urea (7.0 e ~-3) is considerably higher than those at S in thiourea. The mean C-S bond population (3.03 e) may be compared with a value of 3.27 e for C-O in urea.
The C--N bond populations (e) compare very closely: 1.89 in urea; 1.85 and 1.92 in thiourea ( Table  2 ). The N--H bond populations are lower in thiourea (1.15 e) than in urea (1.33 e), mean values being quoted in both cases. The populations of the residual charge at the protons show the opposite trend with mean values of 0.67 and 0.39 e for thiourea and urea respectively.
Lone-pair populations at S in thiourea are much lower (mean = 2.88 e) than at O in urea (4.16 e). The N lone pair also has a lower population in thiourea (1.64 e) than in urea (2.36 e).
It is intended in future papers in this series to publish experimental deformation densities and to compare these with quantum chemically derived densities. Additionally, form factors for bond charges obtained from the experimental model (Scheringer, Kutoglu, Mullen & Hellner, 1978) will be compared with those of Fritchie (1966) and Cromer & Larson (1974) .
Introduction
The title compound (I) was obtained by treatment of guanosine (fully protected by acetyl groups on the sugar hydroxyl positions), with mesitylenesulphonyl chloride (Bridson, Markiewicz & Reese, 1977) . The proposed structure, with the 0(6) atom of guanine rather than N(2) being the site of attack, was verified by chemical and spectroscopic means. The crystallographic analysis reported here provides definitive confirmation for this assignment. The 0(6) oxygen is a favoured site for the binding of various mutagenic agents to guanine in nucleic acids.
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Experimental
The title compound was crystallized from aqueous solution as elongated, extremely thin fibrous platelets. These showed parallel extinction under the polarizing microscope. Photographs revealed the crystals to be monoclinic. Systematic absences hkl: h + k = 2n + 1 and 0k0: k -2n + 1, together with the known optical activity of the compound, uniquely identified the space group as C2. Cell dimensions were obtained from diffractometer measurements. Intensities were collected on an Enraf-Nonius CAD-4 automatic diffractometer, to a 0 limit of 60 ° for Cu Ka radiation. A total of 1597 reflections were measured, of which only 1102 were considered to be observable, with F > 2tr(F).
Crystal data

Structure solution and refinement
Initial attempts to solve the structure by conventional direct methods, heavy-atom location or search procedures, were all unsuccessful. An unconventional direct-methods approach, detailed below, eventually led to the correct solution. (16) 3959 (7) 6529 (16) 9100 (9) 31 (5) C (26) 3967 (7) 6090 (16) 8359 (9) 41 (5) C (36) 4044 (7) 7285 (16) 7890 (9) 48 (6) C (46) 4112 (7) 8919 (16) 8161 (9) 49 (6) C (56) 4104 (7) 9358 (16) 8902 (9) 56 (6) C (66) 4027 (7) 8163 (16) 9371 (9) 42 (6) C (76) 3891 (13) 4321 (30) 8025 (17) 67 (7) C (86) 4145 (13) 10238 (34) 7572 (17) 74 (7) C (96) 4066 (12) 8878 (32) 10157 (15) 63 (7) (23) 6633 (12) 20 (4) 0(2') 1055 (6) -2370 (19) 7232 (9) 44 (4) C (21) 447 (11) -1834 (30) 6809 (17) 56 (6) 2282 (7) 2774 (21) 9516 (10) 29 (4) C (2) 2676 (10) 1290 (27) 9572 (14) 38 (5) N (2) 2689 (8) 1140 (23) 10337 (11) 51 (5) N (3) 2449 (7) 32 (20) 8959 (I0) 32 (4) C (4) 2452 (8) 358 (22) 8245 (11) 21 (4) C (5) 2637 (9) 1754 (24) 8084 (13) 29 (5) C (6) 2865 (10) 2972 (27) 8769 (15) 42 (6) 0(6) 3102 (6) 4464 (17) 8760 (8) 38 (4) N (7) 2533 (8) 1702 (23) 7212 (11) 39 (5) C (8) 2272 (10) 288 (29) 6848 (14) 40 (5) (26) 59 (11) 98 (15) 76 (12) 35 (12) 37 (10) 1 (13) A large starting set was constructed containing some negative sign information. Four k = 0 reflections were assigned phase angles (~0) of 0 °, and four more were assigned q~ = 180 °, all on the basis of ~ relations and seminvariant relations derived by combining triplet and quartet phase relationships (Sheldrick, 1976) . Two trio relationships were added, each of one positive and two negative reflection quartets involving only k = 0 reflections. The total starting set included 18 k = 0 reflections and one k = 1 reflection (to fix the origin along b), plus six general reflections which were assigned the 'magic integer' phases 33x, 49x, 57x, 6 lx, 63x and 64x (Main, 1977) . After weighted tangentformula expansion to 250 of the largest E values, the figures of merit NQEST (De Titta, Edmonds, Langs & Hauptman, 1975) and R,~ (Roberts, Pettersen, Sheldrick, Isaacs & Kennard, 1973) were calculated. The 'best' solutions were expanded to 461 E values > 1.1.
One E map (ranked 25th on NQEST and 2nd on R~) revealed a fragment (O2S-O-) attached to a sixmembered aromatic ring, with a further atom attached ortho to the ring. Tangent expansion (Karle, 1968) was attempted, but did not develop the structure further.
Table 2. Final positional parameters for the hydrogen atoms
Each hydrogen atom was assigned a temperature factor (U) 0.005 A 2 greater than the atom to which it is attached. The numbering scheme follows that of the non-hydrogen atom to which each hydrogen is attached.
Since it was suspected that the fragment was correctly oriented but wrongly positioned with respect to the space-group origin, a tangent formula expansion was performed in space group C1, with the data expanded to a full hemisphere. Two iterations revealed two (O2S-O--) groups, each attached to an almost complete guanine ring, related by a twofold axis at x = 0.178, z = 0-166. Coordinates were calculated for space group C2 with the origin shifted to this position, and three cycles of tangent expansion with E values >0-9 developed the complete structure. The structure was refined by full-matrix least-squares techniques. In view of the paucity of observable reflection data, the benzene ring of the mesitylene group was treated as a rigid body, and only the S atoms and two O atoms were refined anisotropically. The positions of all hydrogen atoms were calculated, and their structure-factor contributions taken into account during refinement. The final R was 0.110, and R w was 0.100, where w = [0.8303/aE(Fo) + 0.005F2].
All calculations were performed with programs written by GMS; diagrams were drawn with the aid of the program PLUTO (Motherwell, 1975) . Tables 1 and 2 list the final positional and thermal parameters.*
Discussion
Interatomic bond lengths and angles are given in Table  3 ; the numbering scheme used is shown in Fig. 1 to the relatively poor quality of the crystal, which has resulted in an unusually small observable:variable ratio, the e.s.d.'s are not low. The analysis has confirmed that 0(6) of the guanine is the site of attachment of the sulphonyl group. The trimethylbenzene group is aligned approximately parallel to the plane of the guanine base (Fig. 1) , although, as Fig. 2(a) shows, these two planar groups do not stack on each other at all. The two acetyl moieties at positions 2' and 3' on the ribose ring are also aligned roughly parallel to each other, presumably so as to minimize non-bonded repulsions.
The arrangement around the S atom shows some deviations from the tetrahedral; these are understandable in view of the steric bulk of some of its adjacent groups. Bond lengths involving the S atom are unexceptional within the limits of experimental error. The dimensions of the ribose group are likewise as expected, although there is perhaps an accentuation of the characteristic difference between the O(I')-C(I') and O(1 ')-C (4') bond lengths (Saenger, 1973) . The guanine base is flat (Table 4) . Its geometry is, however, appreciably different from the base in 9-ethylguanine (Destro, Kistenmacher & Marsh, 1974) and in guanosine dihydrate (Thewalt, Bugg & Marsh, 1970) , as well as from the averaged values reported by Voet & Rich (1970) . These differences can be ascribed to the O(6)-substitution, which has resulted in a lengthening Table 3 . Bond lengths (A) and angles (o) Estimated standard deviations for bond lengths are between 0.01 and 0.02 A and 1 and 2 ° for bond angles. The bond lengths and angles in the benzene ring of the mesitylene group were constrained to 1.395 A and 120 ° respectively. Table 5 . Torsion angles (0)
The torsion angle convention is that given by Sundaralingam (1969) .
145.9 ~,, C(3')-C (4')-C(5')--O(5') 173.9 O(1')-C(4')-C(5')-O(5') 56.2 of the C(6)--O(6) bond from 1.228 to 1.38 A. This partial loss of carbonyl character has affected the delocalization in the purine such that, for example, the N(1)--C(6) bond has shortened from 1.402/~ (Voet & Rich, 1970 ) to 1.32 A and the angles C(5)--C(6)--N(1) and C(6)--N(1)--C(2) have changed from 111 and 125 ° (Voet & Rich, 1970) , to 121 and 116 ° respectively. The ribose sugar shows a C(2')-endo pucker [ Fig.  2(b) and Table 4 ]. The phase angle of pseudorotation (Altona & Sundaralingam, 1972) , which expresses this puckering in a quantitative manner, has a value of 149.5 ° , which implies that the puckering is not far from being C(l')-exo, as may be seen in Fig. 2(a) . The glycosidic angle (Table 5) , is in the usual anti region (e.g. Neidle, Taylor & Robins, 1978) . The exocyclic C(4')-C(5') bond has a trans,gauche conformation (Table 5) .
The crystal structure is devoid of hydrogen bonds (Fig. 3) , the molecules being held together by van der Waals forces alone; there are no unusually close contact distances.
